Abstract This paper re-estimates the environmental Kuznets curve (EKC) in China. To this end, it uses the unit root tests with structural breaks and the autoregressive-distributed lag (ARDL) estimations over the period 1971-2010. The special role is given to the impact of export product quality on CO 2 emissions in the empirical models. The paper finds that the EKC hypothesis is applicable in China. It also observes the positive effect from energy consumption to CO 2 emissions. In addition, it finds that the export product quality is negatively associated with CO 2 emissions. The paper also argues potential implications.
Introduction
Developing countries are striving to ensure a balance between energy consumption and sustainable development. This is mainly due to the problem of global warming, which is one of the most significant problems that humanity faces today. It is well known that environmental pollution brings out various economic, social, and health problems, and therefore, scientists have increased interest in the subject of environmental degradation. In this context, recent studies have particularly focused on the relationship between environmental degradation and income level. Although the topic is important for policy implications, environmental degradation is of secondary importance in the developing countries in general. It is also important to note that environmental degradation threatens not only sustainable development in developing countries, but also other countries at different levels of development.
One of the most significant factors that increases environmental degradation is adopted production techniques and output levels. In this regard, increased economic activity in the country systematically leads to a surge in CO 2 emissions. However, individuals and societies will be more sensitive to environmental degradation as per capita income increases in the country. This sensitivity will affect the usage of production techniques, which leads to a significant decline in CO 2 emissions. This process is known as the environmental Kuznets curve (EKC) in the literature. The EKC hypothesis, which was firstly put forward by Grossman and Krueger (1995) , suggests that a rise in domestic output leads to an increase in CO 2 emissions until the economy reaches a certain income level and decreases thereafter. In other words, the EKC hypothesis proposes that there is an inverted U-shaped relation between CO 2 emissions and per capita income. Our paper considers export product quality as an explanatory variable in the EKC hypothesis.
1 Scholars have recently focused on trade openness in their studies regarding their effects on CO 2 emissions. However, recent papers in the international trade literature have emphasized the significance of different aspects of globalization than trade openness (or export volume), 2 and the role of export quality upgrading is often underlined. In other words, scholars have stressed that what you export matters, rather than the volume of exports alone (Hausmann et al. 2007) .
3 Indeed, upgrading the quality of export products leads to faster economic growth (International Monetary Fund (IMF) 2014 ). The quality of exports is also related to structural transformation, particularly in countries at the middle stages of economic development. These findings imply that export upgrading is a key policy issue, and the most remarkable examples are developing East Asian countries, which have succeeded in achieving structural transformation through the upgrading of export quality. Starting in the late 1970s, the Asian Tigers, including China, have changed their development strategy from agriculture-based to manufacturing-oriented growth.
All in all, our paper tests the validity of the EKC hypothesis in China over the period 1971-2010 and considers the new export quality index developed by Henn et al. (2015) . Henn et al. (2015) measure export product quality as the unobservable quality of the product, the income level of the exporting country, and the distance between importing and exporting countries. 4 In this context, the purpose of our paper is to investigate the effects of per capita income, energy usage with controlling trade openness, and export quality on CO 2 emissions in China, i.e., the world's largest exporter. To the best of our knowledge, our paper is the first in the literature to investigate the dynamic relationships between export product quality and CO 2 emissions within the context of the EKC hypothesis. At this juncture, our paper reveals that not only per capita income, but also export quality determine the level of CO 2 emissions in China for the period from 1971 to 2010. Our results indicate that a higher level of export product quality reduces CO 2 emissions in the Chinese economy in the long run.
The remainder of the paper is organized as follows. Section 2 argues the motivation, i.e., the importance of export quality in the Chinese economy. Section 3 briefly reviews the previous empirical literature in the EKC hypothesis. Section 4 explains the data and the econometric methodology and sets the empirical model. Section 5 provides the empirical findings. Section 6 discusses the empirical results and argues the potential implications, and Section 7 concludes.
Motivation: why export quality matters for the Chinese economy?
China's economic reforms, initiated in 1978, have led to a rapid economic growth of the country in the 1990s and the 2000s, thanks to the decline in trade and investment barriers. Especially from the 1980s to the present day, the average annual growth rate of China has been around 10% (Wang et al. 2014 ). High growth rates have also enabled the Chinese economy to become the second largest economy in the world. Rapid economic growth also resulted in the rise of living standards and welfare as well as a significant increase in urbanization ). China's solid macroeconomic performance has supported the emergence of new job opportunities for many people and has helped to improve health, education, and other social standards in the country (Rodrik 2006) . In this process, the Chinese government implemented various policies to upgrade the export product quality. For instance, high-tech industrial zones and export processing zones have a significant role in the growth of export volume and in upgrading the export product quality. At this point, their total share of China's exports, which was 6% in 1995, increased to 25% in 2005 (Wang and Wei 2010) . The original data of an export quality index in Fig. 1 also illustrate the significant upward trend of the quality of the export basket in China, especially for the period from mid-1970s to 2010.
This structural transformation has also led to a significant increase in energy consumption in China, making it the world's largest energy consumer (Wang et al. 2013 ). However, this sharp rise in energy consumption has resulted in a significant increase in CO 2 emissions in the country. Both higher economic activity and a higher demand for energy inputs have caused a higher emission of pollutants and worsened environmental conditions in the country. Therefore, policies on economic growth and protection of environmental 1 Papers on the determinants of export quality observed that FDI is an important determinant of the export quality (e.g., Harding and Javorcik 2012; Henn et al. 2015) . The studies for testing the validity of the EKC hypothesis also underline that FDI is an important determinant of CO 2 emissions (e.g., List and Co 2000; Tang and Tan 2015; Zhang and Zhou 2016) . Therefore, export quality can be used as a control variable in the EKC hypothesis not only for trade openness, but also for FDI as the benchmark indicator of globalization. 2 These new variables for globalization aspects can be listed as the economic complexity, export diversification, and export quality upgrading (see, e.g., Agosin et al. 2012; Gozgor and Can 2016b; Hausmann et al. 2007 and Henn et al. 2013 and 2015) . 3 It is observed that new variables for globalization are used in the studies investigating the relationship between international trade and CO 2 emissions. For example, Gozgor and Can (2016a) analyzed the impacts of export diversification on CO 2 emissions in Turkey, while Can and Gozgor (2016) investigated the effects of economic complexity on CO 2 emissions in France within the context of the EKC hypothesis. 4 Export product quality is mainly measured by the unit price in the literature (e.g., Feenstra and Romalis 2014; Hallak 2006; Hallak and Schott 2011; Hummels and Klenow 2005; Khandelwal 2010; Martin and Mejean 2014; Schott 2004 ). However, according to Henn et al. (2013 and 2015) , the unit price does not completely reflect the export product quality and they propose the new index for measuring export product quality. quality are highly related in China, due to the fact that China is the country that discharges the most CO 2 emissions in the world (Chang 2010) . However, the Chinese government has been under tremendous pressure from international organizations since the early 2000s; therefore, it has taken various measures to reduce the level of CO 2 emissions. At this point, the Chinese government aims to gradually meet the carbon intensity target for reducing CO 2 emissions in 2020 (Zhang 2011) . Plus, the government also demonstrates several targets to improve environmental quality within the BTwelfth Fiveyear Plan^ . In short, China is probably the most appropriate country to analyze the effects of increased export quality and trade openness, rapid growth rate, and high-energy consumption on CO 2 emissions--which are targeted for reduction.
Previous literature on EKC hypothesis
Indeed, several papers address the relationships among environmental degradation, economic growth, and energy consumption in the literature. In addition, different control variables were also used in these studies.
5 Our paper focuses on the Chinese case, and it can be said that papers on the environmental degradation in China can be categorized into three main categories.
First, scholars analyze the factors that affecting environmental degradation in China at the sectoral level (e.g., Ouyang and Lin 2015; Ren et al. 2014; Steenhof 2007; Tian et al. 2013; Xu et al. 2012) .
Second, scholars investigate the factors that affecting environmental degradation in China at the regional level. (e.g., Diao et al. 2009; Du et al. 2012; Fei et al. 2011; He and Wang 2012; Kang et al. 2016; Li et al. 2016; Liu et al. 2015; Shen 2006; Song et al. 2008; Wang and Liu 2015; Wang et al. 2011 Wang et al. , 2016a Zhang and Lin 2012; Zhang and Zhou 2016; Zhou et al. 2015) .
Third, scholars test the validity of the EKC hypothesis in controlling the macroeconomic indicators at the macro level. For instance, Jalil and Mahmud (2009) examined the effects of per capita GDP, energy consumption, and trade openness on CO 2 emissions using the ARDL approach for the period from 1975 to 2005. They found that the EKC hypothesis is valid in China. Moreover, they observed that the most significant determinants of CO 2 are per capita income and energy consumption, respectively. The effect of trade openness on CO 2 emissions was positive, but its coefficient was not found as statistically significant. Jalil and Feridun (2011) investigated the effects of financial development, trade openness, and energy consumption on CO 2 emissions using the ARDL approach over the period . They observed that the EKC hypothesis is valid in the long run. Plus, income per capita, energy consumption, and trade openness yield higher CO 2 emissions, while financial development decreases CO 2 emissions in China. investigated the effects of per capita income, trade openness, and energy consumption on CO 2 emissions over the period 1971-2007 by using the ARDL approach. They found that the EKC hypothesis is valid, and the most important determinants of CO 2 emissions are income per capita and energy usage. Govindaraju and Tang (2013) investigated the impact of coal consumption upon CO 2 emissions over the period . They used the cointegration approach of Bayer and Hanck and observed that the series are significantly cointegrated. Ertugrul et al. (2016) have recently analyzed the effects of per capita GDP, energy consumption, and trade openness on CO 2 emissions over the period 1971-2011 using an ARDL approach. They found that the EKC hypothesis is valid. Furthermore, they concluded that both energy consumption and trade openness positively affected CO 2 emissions in the long run. 6 Furthermore, the empirical literature on EKC hypothesis has two aspects, known as Btraditional (old) approachâ nd Bnew approach.^Traditional approach considers both per capita GDP and square of per capita GDP as right-side variables. However, since 2010, a Bnew approach^of testing of the EKC has been introduced by Narayan and Narayan (2010) . This group of studies tries to mitigate the problem of collinearity or multicollinearity between GDP and the square of GDP as exogenous variables in the EKC regression model. Narayan and Narayan (2010) 5 Financial development, foreign direct investment (FDI), international trade, population, and urbanization are considered as controls for testing the validity of the EKC hypothesis. (e.g., Al-Mulali and Ozturk 2015; Bento and Moutinho 2016; Dogan and Turkekul 2016; Jebli et al. 2016; Lau et al. 2014; Liddle 2015; Tang and Tan 2015) . 6 There are also studies that focus on the relationship between the subelements of CO 2 emissions and per capita income in China (e.g., Aslan and Gozbasi 2016) . Henn et al. (2015) approach are used by Arouri et al. (2012) for Middle East and North African countries, by Jaunky (2011) for 36 high-income countries, and by Narayan et al. (2016) for 181 countries. Our study addresses this gap in the literature, considering a new variable (export quality) in testing the validity of the EKC hypothesis. For this purpose, we consider the new approach of testing the EKC has been introduced by Narayan and Narayan (2010) . We find that a higher level of quality exports decreases CO 2 emissions in China. To the best of our knowledge, this is the first finding for the impact of export quality on CO 2 emissions in the current EKC literature.
Data, empirical model, and econometric methodology Data and empirical model
The paper aims to find the determinants of CO 2 emissions for the period from 1971 to 2010 in China. The per capita GDP (real USD price) represents the linear impact of per capita GDP on CO 2 emissions. Energy consumption is also included in dynamic estimations, and the logarithmic form of these variables is considered in the estimations. Trade openness is the sum of exports plus imports relative to the GDP. The related data are obtained from the World Development Indicators (WDI) of the World Bank. The frequency of the data is annual. Plus, the data on export quality are obtained from the database of the IMF. The logarithmic form of the export quality index is also used in the benchmark model. In addition, a brief of the descriptive statistics is provided in Appendix Table 7 . Our paper considers the new approach of EKC model in the literature (e.g., Arouri et al., 2012; Jaunky 2011; Narayan and Narayan 2010; Narayan et al. 2016) , i.e., the per capita GDP and energy consumption are used as the fundamental drivers of CO 2 emissions. Our paper also proposes that trade openness and export quality are significant determinants of CO 2 emissions. Thus, an empirical model for the EKC hypothesis can be written as such:
The empirical model in Eq. (1) is defined in logarithmic form as follows:
In Eqs. (1) and (2), logCO 2t is CO 2 emissions, logRGDP t is the real GDP per head, TRADE t is the trade openness, logENC t is the per capita energy consumption, and logEXPQUA t is the export quality index. All these variables (expect trade openness) are considered in the logarithmic form at time t. The error term is represented by ε t .
According to the main hypothesis of the paper, it is expected that α 1 >0, α 2 >0, and α 3 > 0. The EKC hypothesis proposes thatα 1 >0 is elastic, and if this coefficient is not found as statistically significant, this means that there is no systematic relationship between income and CO 2 emissions. If we obtain the coefficient of trade openness (α 2 >0), this implies that the validity of the pollution haven hypothesis. In addition, it is expected that higher energy consumption leads to higher CO 2 emissions in a developing economy (α 3 > 0).
On the other hand, the impact of export quality on CO 2 emissions can be negative (α 4 <0). This is due to the fact that the export basket of a developing country consists of pollution-intensive goods at first place, but as the economy grows, it begins to remove these products from the export basket. Moreover, the main environmental policy will be to import pollution-intensive goods from less developed countries, which have Bless-restrictive environmental protection laws.^Therefore, as a developing economy upgrades the quality of its export basket, CO 2 emissions will be reduced. Of course, we need to observe a statistically significant (long-run) coefficient for α 4 .
Econometric methodology
Following Ertugrul et al. (2016) , the paper applies the unit root test of Zivot and Andrews (1992) that accounts for one endogenous structural break. To check the robustness of the results of the unit root test of Zivot and Andrews (1992) , following , we also consider the Lee-Strazicich unit root test that considers for two breaks in the time series (Lee and Strazicich 2003) .
Second, following the findings of unit root tests, we use the bounds tests for cointegration analysis. At this stage, the model with constant term is considered in the cointegration analysis. The null hypothesis of the bounds test is that Bthere is no cointegrating relationship among variables.^We report both the original critical values, provided by Pesaran et al. (2001) , as well as the critical values corrected for small samples in Narayan (2005) in the cointegration analysis.
Third, the short-and the long-run coefficients in Eq. (2) are estimated by the ARDL model of Pesaran and Shin (1999) . Therefore, we estimate the following unrestricted error correction regression, in which the level of per capita CO 2 emission is the dependent variable in China:
In Eq. (3), Δ represents the change in the variables, and ε 1t represents an error term. The parameters for α (i = 1, 2, 3, 4, and 5) are the corresponding long-run multipliers, and the parameters for β (i = 1, 2, 3, 4, 5, and 6) are the short-run dynamic coefficients of the underlying ARDL model in China ). In addition, the dummy variable (D) of one break date (2006) is also considered in the estimation, and the selection rests on the finding of the unit root test of Zivot and Andrews (1992) (Ertugrul et al. 2016) . We also provide the following diagnostic tests on the ARDL estimations (Gozgor 2014 
In Eq. (4), ECT t − 1 is the lagged ECT that is estimated from the long-run equilibrium model; ε 1 , t , ε 2 , t , ε 3 , t , ε 4 , t , and ε 5t are defined as a finite covariance matrix with the mean zero, and they are represented by the independent and identically distributed random errors.
Empirical findings
The findings of the unit root test of Zivot and Andrews (1992) are provided in Table 1 .
The results in Table 1 show that log CO 2 emissions per capita and log energy consumption per capita follow a unit root process, and the first difference of the variables is found as stationary. However, log per capita real GDP, trade openness, and log export product quality are stationary in the level form. Therefore, all variables in the model are not found as I (1), and the stochastic properties of variables are not appropriate for the cointegration analysis. At this stage, following the previous papers in the literature, we also consider LeeStrazicich unit root test that considers two breaks and the findings are provided in Table 2 .
The results in Table 2 indicate that log per capita real GDP, trade openness, log CO 2 emissions per capita, and log energy consumption per capita follow a unit root process, and the first difference of the variables is found as stationary. However, log export product quality is still stationary in the level form.
Therefore, all variables are not still obtained as I (1), and the empirical model is still not appropriate for the cointegration analysis. At this stage, following Narayan and Smyth (2006), we implement the bounds test for cointegration analysis and the ARDL estimations.
The results of the bound test for cointegration analysis are provided in Table 3 . The F-statistic is greater than both the critical values of Pesaran et al. (2001) and Narayan (2005); therefore, the results indicate that there is a statistically significant cointegration among the variables.
The findings of the ARDL model for long-run coefficients are provided in Table 4 . Long-run effect of income is elastic and positive (2.71). The effect of the trade openness is inelastic and positive (0.47), implying the validity of the Bpollution haven^hypothesis. Furthermore, the long run effect of energy consumption is found as elastic and positive (1.07). Plus, the coefficient of the structural break date (dummy variable for 2006) is statistically significant (p < 0.05).
Table 4 also provides that there is no problem in the diagnostics (serial correlation, model misspecification, heteroscedasticity, and instability test) in the ARDL estimations. The results of the Breusch-Godfrey serial correlation test indicate that there is no residual serial correlation, and the results of the Ramsey-Reset test show that the functional Notes: The model with the constant term is used in the cointegration analysis. The optimal lag length is selected by using the Akaike Information Criteria. The null hypothesis is that there is no cointegration among the variables.
The critical values are given in Pesaran et al. (2001) and Narayan (2005) ***p < 0.05 form of the model is valid. In addition, the results of the Breusch-Pagan-Godfrey heteroscedasticity test state that the variance is homoscedastic. The results of the CUSUM, the CUSUMSQ, and the Chow tests imply the suitability of regressions, i.e., the regression is not affected by structural breaks or regime changes over the period under concern.
Moreover, the impact of the log export product quality of the log CO 2 emissions is negative and elastic (−2.54), and that means a higher export quality leads to lower CO 2 emissions. In other words, one percentage increases the export quality index, which leads to a 2.54 percentage decrease in CO 2 emissions (3.69 metric tons per capita) in China.
The results of the short-run coefficients for the ARDL estimations are also reported in Table 5 . However, the short-run coefficients for the export quality are statistically insignificant. The coefficient of the lagged error correction term (ECT t-1 ) is −0.57, and the significance of the coefficient is found as p < 0.01. Following Narayan and Smyth (2006) , we can suggest that the negative sign and inelastic coefficient mean that CO 2 emissions in China converge to the long-run equilibrium by a Bspeed of adjustment^through the channels of income, trade openness, energy consumption, and export quality.
Finally, the results of the long-run Granger causality/ VECM tests are provided in Table 6 . The results in Table 6 indicate that the causal relationship of the CO 2 emissions is found as significant (p < 0.01). These findings are similar to the findings of the ARDL model estimations. 
Discussion on findings and implications
Our empirical findings are as follows. First, the EKC hypothesis is valid in China, i.e., a Bpositive and statistically significant relationship^between income and CO 2 emissions is observed. In other words, the level of CO 2 emissions escalates with income in the long run. Second, per capita income is the most substantial variable in determining CO 2 emissions in China, since its coefficient has the greatest absolute value in the long run. However, it is well known that rapid economic growth yields higher environmental pollutants. It is also well known that sustained and rapid growth path is important for any developing country, not only to achieve convergence with developed countries, but also for generating jobs, better infrastructure, health care systems, etc. In other words, as per capita income increases, CO 2 emissions systematically increase as well in developing economies, as we do observe in China.
Third, energy consumption yields higher CO 2 emissions in China, as expected in any case of a low-, lower-middle-, and upper-middle income economy. China is the net energy importer, and it is one of the largest energy consumers in the world. Given that there is a positive correlation between income and energy consumption, decreasing the level of energy consumption in order to suppress CO 2 emissions would not be a rational policy. At this stage, policy implications should promote more efficient use of renewable energy in China, and investments in technologies for renewable energy can be a significant policy tool. Indeed, energy consumption in China heavily depends on coal consumption (Govindaraju and Tang 2013) . At this point, nuclear and renewable energy (biofuels, geothermal, solar, and wind) can decrease the consumption of fossil energy sources (coal in particular), thereby reducing the level of CO 2 emissions in China. In addition, we observe the positive and significant effect of trade on the CO 2 emissions, implying the validity of the Bpollution haven^hypothesis.
Fourth, higher quality exports decrease CO 2 emissions in China. To the best of our knowledge, this is the first finding for the impact of export quality on CO 2 emissions in the current literature. Indeed, export quality can accelerate not only the rate of economic growth, but can also reduce CO 2 emissions. At this stage, policy-makers can force Chinese firms to produce goods that do not cause high levels of CO 2 emissions. More specifically, the main environmental policy will be to import pollution-intensive goods from less developed countries, which have Bless-restrictive environmental protection laws.^This issue can also be evaluated in upgrading the quality of the export basket; goods with superior CO 2 emissions should probably be imported. Finally, we need to emphasize that all these implications necessitate an exhaustive knowledge of the scale of CO 2 emissions for each industry in China.
These findings also imply that the future level of CO 2 emissions can be successfully forecasted from previous levels of energy consumption, trade openness, export quality, and per capita income for the Chinese economy. The result for the validity of the EKC hypothesis is also parallel with previous results for developing Asian economies: China (Chang 2010; Fei et al. 2011; Li et al. 2016) ; India Managi and Jena 2008) ; Malaysia (Lau et al. 2014) ; Pakistan (Javid and Sharif 2016) ; Thailand (Saboori and Sulaiman 2013) ; Vietnam (Tang and Tan 2015) .
Conclusion
This paper investigates the dynamic relationships among CO 2 emissions, energy consumption, trade openness, export quality, and per capita income in China, where Bthe export-led growth strategy^has implemented during the last four decades. The aim of the study is to analyze the validity of the EKC hypothesis over the period 1971-2010 in China. To this end, it uses the unit root tests of Zivot and Andrews (1992) and Lee and Strazicich (2003) , as well as the bounds test for cointegration and the ARDL estimations of Pesaran and Shin (1999) . A special role is given to the impact of export product quality on CO 2 emissions in the empirical model, and to the best of our knowledge, this is the first study that investigates the impact of export quality on CO 2 emissions.
The results of the study are as follows: First, the EKC hypothesis is valid in China. Second, we observed the positive and elastic effects of energy consumption on CO 2 emissions. Third, we find the positive effects of trade openness on CO 2 emissions. Fourth, we found that export quality is negatively associated with CO 2 emissions; this is the novel contribution to the current EKC literature.
Future research on the impacts of export quality on CO 2 emissions can be implemented in other economies. Moreover, future papers can focus on the sectoral and regional data sets in various developing and developed countries. At this stage, not only the impacts of the overall index, but also the subindexes of the export quality index of Henn et al. (2013 Henn et al. ( , 2015 (one, two, three, four, five, and six digit data) can be used with different econometric techniques. Finally, this paper considers the energy consumption at the aggregated level for analyzing the effects of export quality on CO 2 emissions, and a future paper can incorporate the energy structure (coal or renewable energy consumption) into the empirical analysis, i.e., it can look at the energy consumption at the disaggregated level (coal consumption, renewable energy consumption, etc.) in developing or developed economies. 
